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ABSTRACT

Purpose: To observe the changes in corneal Q value preoperatively and
postoperatively in cataract patients and to further explore the influence

of incision positions on Q value.
Setting: The Peking University Third Hospital, Beijing, China.
Design: Retrospective nonrandomized study.

Methods: Eyes that implanted intraocular lens (IOL) ZCBOO or Zeiss 839
were included. The corneal Q values were compared preoperatively, 1
week and 1 month postoperatively, the incision positions were divided

into groups to review the influence on Q values.

Results: We finally analyzed 158 eyes of 103 patients, the corneal Q
values decreased significantly postoperatively, and the Q values tend to
be stable at 1 month after surgery. Moreover, the Q values in superior
incision group and temporal incision group were lower than that in nasal,
nasal and temporal arc group at both 1 week and 1 month after surgery
with statically significance; the reduction of angle kappa postoperatively
had obvious advantages in the superior and temporal incision group.

Conclusions: Corneal Q-value would change after cataract surgery, and
the influence of incision position on corneal Q-value need still to be
further clear, clarifying the influence of surgical operation, especially
incision making, on corneal Q-value will achieve better vision and visual
quality after cataract surgery.

KEYWORDS: Intraocular lens; Corneal Q value; Incision position; High

order aberration; Visual quality
ABBREVIATIONS: IOL: Intraocular Lens
INTRODUCTION

In recent years, as people’s living standards have improved, people’s

pursuit of visual quality has increased year by year. Cataract surgery
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has developed from vision restoration surgery to refractive
cataract surgery today. Factors affecting postoperative visual
quality, such as postoperative visual acuity, aberration and
contrast sensitivity, have been increasingly emphasized.
However, while realizing refractive cataract surgery, the
cornea, as the main component of the human eye’s refractive
system, should be taken into consideration in the design of
the intraocular lens (IOL). As well as the diopters and the
operation method need be considered to realize the mutual

matching of the cornea and the IOL.

Since the human cornea is not a perfect spherical surface,
the anterior surface of the cornea gradually flattens from
the center to the periphery to form a slightly elliptical
aspherical surface, which is coordinated with other
refractive components (such as lens, aqueous humor and
vitreous body) to ensure the quality of retinal imaging
[1,2]. The corneal Q value is a parameter used to describe
the aspheric morphology of the anterior surface of the
cornea, which expresses the degree of corneal curvature
inconsistency between the central and paracentral areas
of the cornea [3,4]. From the third generation of aspheric
I0L, corneal Q value modulation has been involved, which
means that according to the corneal Q value under different
cornea diameters, high-order aberrations such as spherical
aberration, coma, clover-leaf can be adjusted to increase the
focal depth of the IOL and correct the visual quality effects

caused by high-order aberrations [5].

Previous studies have shown that corneal Q value is closely
related to aberrations. Ji C He, et al. [6] found that asphericity
(Q)isanimportant factor leading to the peripheral wavefront
aberration through the model eye. The change of corneal
Q value has a great impact on high-order aberrations such
as spherical aberrations and low-order aberrations (for
example, astigmatism) [7]. The corneal Q value is closely
related to the refractive state after cataract surgery, through
preoperative IOL degree calculation, Woong-Joo Whang, et
al. [8] took corneal Q value modulation into consideration
of Haigis-L formula and the diopter prediction error of
Haigis-L formula was reduced by about 0.2D. In addition,
the spherical aberration at 8.0mm cornea diameter was
significantly related with the diopter prediction error.
Therefore, the corneal Q value was considered in the formula
to further reduce the possibility of obvious diopter drift and
spherical aberration after cataract surgery. The corneal Q
value changes after surgery due to the influence of cataract
surgery on the cornea, Giacomo Savini, et al. [9] studied 115

eyes that underwent cataract surgery and found that the

greater the absolute value of negative corneal Q value, the
more myopia drift occurred after surgery. On the contrary,
the larger the positive Q value, the more hyperopia drift arise
after surgery. In conclusion, corneal Q value is closely related

to postoperative visual acuity and visual quality [10].

The incision position of cataract surgery is a key factor
in determining the astigmatism after cataract surgery
[11]. However, the influence of incision position on the
postoperative corneal Q value is still unclear. Therefore, we
hope to study the influence of different incision positions
on corneal Q value. A retrospective study was conducted on
patients using monofocal I0L ZCB0O and trifocal I0L Zeiss
839 who underwent different positions of limbal incision
according to the steep meridian. This study analyzed the
preoperative, 1-week, and 1-month postoperative corneal
Q value and the changes in magnitude to further clarify the
trend of corneal Q value under different incision positions.
This study sought to provide a theoretical basis for the
relationship between postoperative corneal Q value and
visual quality and to provide technical guidance to operators
in refractive cataract surgery.

PATIENTS AND METHODS

This is a retrospective, non-randomized controlled clinical
study. All patients were cataract patients who treated
Peking University Third Hospital from May 2020 to October
2020. The study was in accordance with the tenets of the
Declaration of Helsinki and has been approved by the local
ethics committee. Written informed consent was obtained
from all patients.

INCLUSION AND EXCLUSION CRITERIAS

Inclusion criterias: (1)diagnosis of age-related cataract with
lens opacity grading greater C2ZN2P0 according to the Lens
Opacities Classification System III scale; (2)nuclear opacity,
cortical opacity, posterior subcapsular opacity, and other
lens opacity that significantly affected vision; (3)corneal
astigmatism is less than 0.75D.

Exclusion criterias: (1)preoperative severe ocular surface
diseases, such as meibomian gland dysfunction, entropion,
ectropion, trichiasis, keratopathy; (2)previous eye surgery
history, such as silicone oil eye, acute angle-closure
glaucoma, glaucoma visual field defect, and other systemic
diseases; (3)patients with corneal injury, zonule relaxation,
posterior capsule rupture and other complications during
the surgery; (4)anterior vitrectomy or intraocular lens
suspension; (5)posterior capsular opacity and obvious IOL

tilt or decentration during the follow-up; (6)inaccuracy of
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kappa data during corneal topography examination was also

excluded.
PREOPERATIVE AND POSTOPERATIVE ASSESSMENT

A complete preoperative ophthalmological examination was
performed on all patients within 1 week before surgery,
including distance and near visual acuity, intraocular
pressure (IOP), slit-lamp examination, IOL Master (Carl
Zeiss Meditec AG, Jena, Germany), Pentacam HR (Oculus
Optikgerate GmbH, Wetzlar, Germany), Oculus (Oculus,
Wetzlar, Germany), B-ultrasound, retinal optical coherence
tomography (Cirrus 4000; Carl Zeiss Meditec AG, Jena,
Germany). And postoperative assessments including visual
acuity, slit-lamp examination and Pentacam were performed
at 1-week and at 1-month follow up. All ocular corneal Q
vlaue were measured by Pentacam. All patients were treated
with sodium hyaluronate eye drops before the surgery.
Under the cooperation of all patients and stable tear film
conditions, the corneal Q value was measured several times,

and a stable value was obtained for the study.
SURGICAL PROCEDURE

All operations were performed by the same experienced
surgeon from Peking University Third Hospital under
topical anesthesia (Benoxinate 0.4% solution, 3 times)
using a standard phacoemulsification technique. A 3.0mm
clear corneoscleral incision was made according to the
steep axis of the patient’s corneal astigmatism, and a
lateral incision was made at an angle of 90°from the main
incision, then performed a continuous a 6mm circular
capsulorhexis, conducted the water separation, carried
out the phacoemulsification of cataracts through the main
incision, and proceeded automatic suction and perfusion,
polished the cortex, afterwards, an intraocular lens
was implanted into the capsular bag without additional
treatment of the incision. Antibiotic (Cravit 0.5%), steroidal
anti-inflammatory drugs (PredForte 1%), nonsteroidal anti-

inflammatory drugs (Pranopulin 1%)
CORNEAL Q VALUE

The pre- and post- operative corneal Q value was measured

by an experienced technician through Pentacam.

CASE GROUPING

We used a slitlamp examination was performed with the
patient in a sitting position to determine the incision
location. Eyes with 12 o’clock incisions were assigned to
the superior incision group (ZCB00: 30, Zeiss 839: 17);
right eyes with 8 to 10 o’clock (ZCBO0O: 4, Zeiss 839: 10) and
left eyes with 2 to 4 o’clock (ZCB0O: 1, Zeiss 839: 4) were
assigned to the temporal incision group; right eyes with 2 to
4 o'clock (ZCBO0O: 1, Zeiss 839: 2) and left eyes with 8 to 10
o’clock (ZCBO0O: 4, Zeiss 839: 8) were assigned to the nasal
incision group, both the temporal and the nasal incisions
were horizontal incisions; right eyes with 10 to 12 o’clock
(ZCBOO: 8, Zeiss 839: 10) and left eyes with 12 to 2 o’clock
(ZCBOO: 7, Zeiss 839: 10) were assigned to the temporal arc
incision group; right eyes with 12 to 2 o’clock (ZCB00: 12,
Zeiss 839: 8) and left eyes with 10 to 12 o’clock (ZCB00: 8,
Zeiss 839: 14) were assigned to the nasal arc incision group.

STATISTICAL ANALYSIS
Data are presented as mean * standard deviation.

All of the statistical analyses were performed using SPSS 24.0
software (IBM, USA). A paired t test was used to compare
variables including the baseline characteristics of patients,
the preoperative and postoperative corneal Q value. For
normal distribution data, one-way ANOVA was used; for non-
normal distribution data, rank sum test was used. Statistical
significance was set at P <0.05.

RESULTS

We finally analyzed 158 eyes of 103 patients, and the
demographics of the study population and the number of
eyes included in each group are summarized in Table 1.
In 158 eyes of cataract surgery, two types of intraocular
lenses Tecnis® ZCB00 (Abbott Medical Optics, Santa Ana,
CA) (75 eyes) and AT LISA tri Zeiss 839 (Carl Zeiss Meditec
AG, Jena, Germany) (83 eyes) were used. There was no
statistically significant difference in baseline parameters
between patients with ZCB0O IOL implanted and Zeiss 839
IOL implanted. The data of the five groups of patients with

different surgical incisions were all comparable (Table 1).
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Items IOL types superior incision nasal incision temporal incision nasal arc temporal
incision arc incision
Eyes (n) ZCB0OO 30 5 5 20 15
Zeiss 839 17 10 14 22 20
Total 47 15 19 42 35
Male (n) ZCB0O 13 0 1 6 5
Zeiss 839 6 3 5 9 12
Total 19 3 6 15 17
Female (n) ZCB0OO 17 5 4 13 11
Zeiss 839 11 7 9 13 8
Total 29 12 13 26 19
Mean age (y) ZCB0O 69.39+9.67 66.20+11.28 62.00+15.25 64.63+11.84 66.38+9.70
Zeiss 839 61.11+13.38 68.20+9.87 73.07+9.41 63.14+12.75 62.95+8.73
Total 66.46+11.69 67.53+10.00 70.16+11.86 63.83+12.20 64.47+9.20
Nuclear Total 2-4 2-4 2-4 2-4 2-4
opalescence
grade
segment
Mean ZCB0O 0.60+0.42 1.24+1.26 1.10+£0.68 1.31+1.72 0.80+0.37
corneal Zeiss 839 0.81+0.77 1.030.30 0.96+0.57 0.82+0.40 0.59+0.56
astigmatism
Total 0.67+0.57 1.11+0.74 0.96+0.58 1.06+1.24 0.89+0.51
Mean ZCB0OO 44.30+£1.00 43.92+0.86 43.78+1.35 44.36+1.58 45.53+1.37
corneal Zeiss 839 44.27+1.76 43.28%0.73 44.12+1.49 44.37+1.37 43.68+1.03
refractive
Total 44.29+1.31 43.51+0.81 44.06+1.39 44.37+1.45 44.47+1.49
power

We measured the corneal Q factor of all patients before and after the surgery (Table 2, 3). Therefore, this
preoperatively and at 1 week and 1 month postoperatively
in all eyes. The statistics showed that the IOL type had no

effect on the corneal Q factor of different corneal diameters

study compared the preoperative and postoperative corneal
Q factor in the ZCBO0O, Zeiss 839, and ZCB0O + Zeiss 839

groups, respectively.

Table 2: The Q value in 6mm in the two IOL groups (mean * SD).

Items ZCB0OO Zeiss 839 P value ZCB00+Zeiss 839
Preoperative Q Nas -0.27+0.38 -0.08+0.16 0.998 -0.27+0.33
Tem -0.08+0.16 -0.07£0.13 0.679 -0.08+0.14
Inf -0.14+0.29 -0.11+0.25 0.405 -0.13+0.27
Sup -0.41+0.38 -0.25+0.39 0.01 -0.32+0.40
Mean -0.23+0.19 -0.17+0.18 0.043 -0.20+0.19
1 week postoperative Q Nas -0.35+0.32 -0.28+0.29 0.239 -0.31+0.30
Tem -0.11+0.13 -0.08+0.14 0.221 -0.09+0.14
Sup -0.18+0.43 -0.15+0.25 0.547 -0.17+0.34
Inf -0.50+0.36 -0.37+0.56 0.133 -0.43+0.48
Mean -0.29+0.17 -0.22+0.22 0.06 -0.25+0.20
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1 month postoperative Q Nas -0.31+0.38 -0.24+0.25 0.233 -0.28+0.32
Tem -0.11+0.18 -0.09+0.14 0.537 -0.10+£0.16

Inf -0.12+0.27 -0.10+0.22 0.693 -0.11+0.25

Sup -0.38+0.34 -0.39+0.37 0.863 -0.39+0.35

Mean -0.24+0.18 -0.21+0.17 0.469 -0.22+0.17

1 week postoperative Q Nas -0.07+0.44 -0.02+0.25 0.402 -0.04+0.35
-Preoperative Q Tem -0.04+0.12 -0.01+0.13 0.186 -0.02+0.13

Inf -0.05+0.43 -0.04+0.23 0.802 -0.04+0.34

Sup -0.07+£0.40 -0.12+0.43 0.484 -0.10+0.42

Mean -0.03+0.22 -0.05+0.14 0.537 -0.04+0.18

1 month postoperative Q Nas -0.10+0.47 0.03+£0.25 0.066 -0.03+0.38
-Preoperative Q Tem -0.05+0.13 -0.02+0.12 0.256 -0.04+0.13

Inf -0.01+0.20 0.03+0.25 0.384 0.25+0.23

Sup 0.01+£0.37 -0.12+0.29 0.044 0.29+£0.33

Mean -0.04+0.17 -0.04x-00.03 0.734 0.10+0.14

Table 3: The difference of Q value in 6 mm pre- and postoperatively.

Items Nas Tem Inf Sup Mean
ZCBOO Preoperative Q & 1 week Mean 0.07+0.44 -0.04+0.12 0.05+0.05 0.06+£0.41 0.05+0.19
postoperative Q r 0.255 0.621 0.301 0.370 0.377
t 1.189 2.486 0.857 1.229 2.229
P value 0.239 0.016 0.395 0.224 0.03
Preoperative Q &1 month Mean 0.09+0.47 0.05%0.13 0.20£0.03 -0.02+0.36 0.04+0.18
postoperative Q r 0311 0.731 0.765 0.526 0.562
t 1.411 2.638 0.294 -0.467 1.439
P value 0.239 0.011 0.770 0.643 0.156
1 week postoperative Q &1 Mean 0.00+0.27 0.01+0.11 0.51+0.08 -0.03+0.32 -0.03x0.16
month postoperative Q
r 0.677 0.637 0.331 0.585 0.557
t -0.018 -0.388 -1.016 -0.662 -1.085
P value 0.986 0.700 0.316 0.512 0.285
1 week postoperative Mean -0.00+0.27 0.01+0.11 0.51+0.08 -0.03+0.32 0.01+0.19
Q -Preoperative Q & 1 r 0.867 0.629 0.250 0.730 0.661
month postoperative Q
. t -0.018 -0.388 -1.016 -0.662 0.223
-Preoperative Q
P value 0.986 0.700 0.316 0.512 0.825
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Zeiss Preoperative Q & 1 week Mean 0.03+0.25 0.01+0.13 0.04+0.23 0.13+0.42 0.06+0.13
839 postoperative Q r 0.635 0.545 0.591 0.652 0.808
t 0.916 0.770 1.636 2.661 3.952
P value 0.363 0.444 0.106 0.010 0.000
Preoperative Q &1 month Mean -0.03+0.25 0.02+0.12 -0.03+0.24 0.13+£0.28 0.09+0.01
postoperative Q r 0551 0.509 0.431 0.712 0.843
t -0.948 1.184 -0.804 3.445 2.948
P value 0.347 0.242 0.425 0.001 0.005
1 week postoperative Q &1 Mean -0.03+0.22 0.02+0.12 -0.03+0.11 0.02+0.32 0.00+0.09
month postoperative Q r 0.619 0.662 0.889 0.715 0.892
t -0.897 1.079 -1.965 0.397 -0.100
P value 0.375 0.286 0.056 0.693 0.920
1 week postoperative Mean -0.02+0.22 0.03+0.12 -0.04+0.14 0.02+0.33 0.00+0.11
Q-Preoperative Q& 1 r 0.620 0.549 0.859 0.504 0.556
month postoperative Q
. t -0.776 1.614 -1.841 0.416 0.027
-Preoperative Q
P value 0.442 0.113 0.072 0.679 0.979
ZCB Preoperative Q & 1 week Mean 0.04+0.35 0.02+0.13 0.05%0.34 0.10+£0.42 0.06+0.16
00 postoperative Q r 0.419 0.577 0.404 0.565 0.657
+Zeiss
839 t 1.496 2.175 1.566 2.811 4.161
P value 0.137 0.031 0.120 0.006 0.000
Preoperative Q &1 month Mean 0.03+0.38 0.03+0.13 -0.01+0.22 0.06+0.33 0.04+0.14
postoperative Q r 0.376 0.650 0.626 0.608 0.695
t 0.766 2.707 -0.453 1.758 2.716
P value 0.445 0.008 0.651 0.082 0.008
1 week postoperative Q &1 Mean -0.16+0.24 0.01+0.12 -0.06+0.35 -0.01+0.32 -0.01+0.12
month postoperative Q r 0.655 0.648 0.485 0.669 0.766
t -0.617 0.569 -1.449 -0.152 -0.977
P value 0.539 0.571 0.151 0.880 0.332
1 week postoperative Mean -0.01+0.24 0.01+0.12 -0.06%0.35 -0.00£0.33 0.00£0.15
Q-Preoperative Q& 1 r 0.811 0.586 0.474 0.628 0.635
month postoperative Q
) t -0.545 0.997 -1.519 -0.105 0.206
-Preoperative Q
P value 0.587 0.321 0.132 0.917 0.837

In ZCBOO group, at 6.0 mm corneal diameter, the temporal

corneal Q value was -0.08£0.16 mm preoperatively,
-0.11+0.13mm at 1 week postoperatively and -0.11+0.18mm
at 1 month postoperatively; the mean corneal Q value
was-0.23+0.19mm preoperatively and -0.29+#0.17mm at
1 week postoperatively. The temporal corneal Q value
at 1 month postoperatively decreased 0.04+0.12 and
0.05+0.13mm compared with it at 1 week postoperatively
and preoperatively; the mean corneal Q value at 1 month
postoperatively decreased 0.03+0.22mm compared with

it preoperatively. Similarly, in the Zeiss 839 group, at

6.0 mm corneal diameter, the superior corneal Q value
-0.37+0.56mm at
1 week postoperatively and -0.39+0.37mm at 1 month

was -0.25+x0.39mm preoperatively,
postoperatively; the mean corneal Q valuewas-0.17+0.18mm
preoperatively, -0.22+0.22mm at 1 week postoperatively and
-0.21+0.17mm at 1 month postoperatively. The superior and
mean corneal Q value at 1 week postoperatively decreased
0.12+0.43mm and 0.05+0.14mm respectively compared with
it preoperatively, the superior and mean corneal Q value at 1
month postoperatively decreased 0.12+0.29mm and 0.04+-
00.03mm respectively compared with it preoperatively. In

il s dotore/ 10:30654/M)0R 10026 |



ISSN : 2474-6932

Mathews Journal of Ophthalmology

ZCBOO + Zeiss 839 group, at 6.0 mm corneal diameter, the
temporal corneal Q value was -0.08+0.14mm preoperatively
and -0.10£0.16mm at 1 month postoperatively; the superior
corneal Q value was -0.32+x0.40mm preoperatively and
-0.43+£0.48mm at 1 week postoperatively ; the mean corneal
Q value was -0.20+0.19mm preoperatively, -0.25+0.20mm
at 1 week postoperatively and -0.22+0.17mm at 1 month
postoperatively. The superior and mean corneal Q value
at 1 week postoperatively decreased 0.10+0.42mm and
0.04+0.18mm compared with it preoperatively; the temporal
and mean corneal Q value at 1 month postoperatively
decreased 0.04£0.13mm and 0.10+£0.14mm compared with

it preoperatively.

At 7.0 mm corneal diameter, In ZCBOO group, the temporal
Q factor
-0.14+0.02mm at 1 week postoperatively and -0.16+0.02mm

corneal was -0.13+0.02Zmm preoperatively,
at 1 month postoperatively; the superior corneal Q factor
was -0.53+0.04mm preoperatively and -0.50+0.04mm at
1 month postoperatively. The temporal corneal Q factor
decreased 0.03+0.01mm and 0.03+0.02mm at 1 week and
1month postoperatively compared with it preoperatively;
the superior corneal Q factor at 1 month postoperatively
increased 0.04+0.05mm compared with it preoperatively.
Similarly, in the Zeiss 839 group, the temporal corneal Q
factor was -0.10+0.01mm preoperatively and -0.14+0.02mm
at 1 month postoperatively; the superior corneal Q factor
-0.46+£0.06mm at
1 week postoperatively and -0.48+0.04mm at 1 month

was -0.36%x0.04mm preoperatively,
postoperatively; the mean corneal Q factorwas-0.29+0.02mm
preoperatively, -0.29£0.02mm at 1 week postoperatively and
-0.48+0.04mm at 1 month postoperatively. The superior and
mean corneal Q factor at 1 week postoperatively decreased
0.09£0.04mm and 0.04+0.01mm respectively compared with
it preoperatively; the temporal, superior and mean corneal Q
factor at 1 month postoperatively decreased 0.04+0.02mm,
0.09£0.04mm and 0.02+0.01mm respectively compared
with it preoperatively. In ZCB0O0 + Zeiss 839 group, the
temporal corneal Q factor was -0.09+0.01mm preoperatively
and -0.11+0.01mm at 1 month postoperatively; the superior
corneal Q factor was -0.35+0.03mm preoperatively and
-0.45+£0.04mm at 1 week postoperatively; the mean corneal
Q factor was -0.21+0.02mm preoperatively, -0.26+0.02Zmm
at 1 week postoperatively and -0.22+0.17mm at 1 month
postoperatively. The superior and mean corneal Q factor
at 1 week postoperatively decreased 0.10+0.42mm and
-0.25+0.02mm compared with itpreoperatively; the temporal
and mean corneal Q factor at 1 month postoperatively
decreased 0.03+0.01mm and 0.04+0.01mm compared with

it preoperatively.

At 8.0 mm corneal diameter, In ZCB0OO group, the temporal

corneal Q value was 0.19+0.02 mm preoperatively
and -0.22+0.03 mm at 1 month postoperatively. The
temporal corneal Q value decreased 0.04+0.02 mm at
1month postoperatively compared with it preoperatively.
Similarly, in the Zeiss 839 group, the temporal corneal
Q value was -0.14+0.01 mm preoperatively, -0.17+0.02
mm at 1 week postoperatively and -0.20+0.20 mm at 1
month postoperatively; the inferior corneal Q value was
-0.23+0.02 mm preoperatively and -0.27+0.03 mm at 1
week postoperatively; the superior corneal Q value was
-0.49+0.04 mm preoperatively and 0.56+0.04 mm at 1
month postoperatively; the mean corneal Q value was
-0.33+£0.02 mm preoperatively and -0.36+0.02 mm at 1 week
postoperatively. The temporal, inferior and mean corneal Q
value at 1 week postoperatively decreased 0.04+0.02 mm,
0.05+0.02 mm and 0.03+0.02 mm respectively compared
with it preoperatively; the temporal and superior corneal
Q value at 1 month postoperatively decreased 0.06+0.02
mm and 0.04+0.05 mm respectively compared with it
preoperatively. In ZCBOO + Zeiss 839 group, the temporal
corneal Q value was -0.16£0.01 mm preoperatively,
-0.18+0.01mm at 1 week postoperatively and -0.21+0.02
mm at 1 month postoperatively; the inferior corneal Q value
was -0.26+0.02 mm preoperatively and -0.29+0.03 mm at
1 week postoperatively. The temporal and inferior corneal
Q value at 1 week postoperatively decreased 0.03+0.01
mm and 0.05+0.02 mm compared with it preoperatively;
the temporal corneal Q value at 1 month postoperatively

decreased 0.05+0.01 mm compared with it preoperatively.

At 9.0 mm corneal diameter, In ZCB0OO group, there was
no statistically significant difference in corneal Q value at
1 week and 1 month postoperatively compared with the
preoperative corneal Q factor. In the Zeiss 839 group, the
temporal corneal Q value was -0.21+0.02 mm preoperatively,
-0.24+0.02 mm at 1 week postoperatively and -0.28+0.02
mm at 1 month postoperatively; the inferior corneal Q value
was -0.37+0.02 mm preoperatively and -0.30+0.03 mm at 1
month postoperatively. The temporal corneal Q value at 1
week postoperatively decreased 0.06+0.02 mm compared
with it preoperatively; the temporal corneal Q value at 1
month postoperatively decreased 0.08+0.03 mm and the
inferior corneal Q value increased 0.07+0.03 mm compared
with it preoperatively. In ZCB0OO + Zeiss 839 group, the
temporal corneal Q value was -0.22+0.01 mm preoperatively,
-0.25+0.01 mm at 1 week postoperatively and -0.29+0.02
mm at 1 month postoperatively. The temporal corneal Q
value decreased 0.03+0.01 mm and 0.07+0.02 mm at 1 week

and 1 month postoperatively respectively compared with

]
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it preoperatively. The temporal corneal Q value at 1 week
(P=0.015) and 1 month (P=0.002) postoperatively

significantly decreased compared with that preoperatively.

At 10.0 mm corneal diameter, In ZCBOO group, the superior
corneal Q value was -0.72+0.03 mm preoperatively and
-0.68+0.03 mm at 1 month postoperatively. The superior
corneal Q value increased 0.07+0.04 mm at 1month
postoperatively compared with it preoperatively. Similarly,
in the Zeiss 839 group, the temporal corneal Q value was
-0.29+0.02 mm preoperatively and -0.35+0.03 mm at 1

month postoperatively. The temporal corneal Q value at 1
month postoperatively decreased 0.07+0.03 mm compared
with it preoperatively. In ZCB0O0 + Zeiss 839 group, the
temporal corneal Q value was -0.30+0.01 mm preoperatively
and -0.35+0.02 mm at 1 month postoperatively; the superior
corneal Q value was -0.72+0.02 mm preoperatively and
-0.66+£0.02 mm at 1 month postoperatively. The temporal
corneal Q value decreased 0.02+0.01 mm and 0.06+£0.02 mm
at 1 week and 1 month postoperatively compared with it

preoperatively respectively.

Table 4: The Q value in 7mm in the two IOL groups (mean * SD).

Items ZCB0OO Zeiss 839 ZCBO0O0+Zeiss 839
Preoperative Q Nas -0.41+0.05 -0.36x0.04 -0.30+0.03
Tem -0.13+0.02 -0.10+0.01 -0.09+0.01
Inf -0.21+0.03 -0.15+0.02 -0.14+0.02
Sup -0.53+0.04 -0.36+0.04 -0.35+0.03
Mean -0.32+0.02 -0.25+0.02 -0.21+0.02
1 week postoperative Q Nas -0.46+0.05 -0.39+0.03 -0.34+0.03
Tem -0.14+0.02 -0.12+0.02 -0.10+0.01
Inf -0.25+0.05 -0.19+0.03 -0.19+0.03
Sup -0.58+0.04 -0.46x0.06 -0.45+£0.04
Mean -0.35+0.03 -0.29+0.02 -0.26+0.02
1 month postoperative Q Nas -0.45+0.05 -0.34+0.03 -0.31+0.03
Tem -0.16+0.02 -0.14+0.02 -0.11+0.01
Inf -0.21+0.03 -0.15+0.03 -0.13+0.02
Sup -0.50+0.04 -0.48+0.04 -0.41+0.03
Mean -0.33+0.02 -0.28+0.02 -0.25+£0.02
1 week postoperative Q -Preoperative Q Nas -0.03+0.06 -0.01+0.03 -0.04+0.03
Tem -0.03+0.01 -0.02+0.01 -0.02+0.01
Inf -0.06+0.05 -0.05+0.02 -0.04+0.03
Sup -0.03+0.05 -0.09+0.04 -0.09+0.04
Mean -0.03+0.03 -0.04+0.01 -0.04+0.01
1 month postoperative Q -Preoperative Nas -0.06x0.06 -0.00+0.03 -0.03+0.04
Q Tem -0.03+0.02 -0.04+0.02 -0.03+0.01
Inf -0.03+0.03 0.03+0.03 0.00£0.02
Sup 0.04+0.05 -0.09+0.04 -0.05+0.03
Mean -0.02+0.02 -0.02+0.01 -0.04+0.01
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Table 5: The difference of Q value in 7 mm pre- and postoperatively.

Items Nas Tem Inf Sup Mean

ZCB0OO Preoperative Q & 1 week Mean 0.03+x0.47 0.03+0.11 0.06%0.40 0.42+0.05 0.03+0.21
postoperative Q r 0.317 0.668 0.276 0.356 0.397
t 0.555 2.185 1.151 0.469 0.977
P value 0.581 0.033 0.254 0.640 0.333

Preoperative Q &1 month Mean 0.07+£0.46 0.04+0.11 0.03+0.21 0.36+0.05 0.03+£0.16
postoperative Q r 0.393 0.787 0.598 0.284 0.549
t 1.172 2.740 1.078 -4.088 1.305
P value 0.246 0.008 0.286 0.000 0.197

1 week postoperative Q Mean 0.03+0.19 0.00+0.11 -0.06+0.45 0.20+0.03 -0.01+0.20
&1 month postoperative r 0.864 0.610 0.267 0.391 0.391
Q t 0.986 0.043 -0.897 -0.470 -0.470
P value 0.330 0.966 0.375 0.641 0.641

1 week postoperative Mean 0.01+0.24 -0.01x0.11 -0.07+0.45 0.44+0.07 -0.02x0.20
Q-Preoperative Q& 1 r 0.884 0.508 0.265 0.308 0.512

month postoperative Q

Preoperative Q t 0.167 -0.312 -0.961 -0.288 -0.762
P value 0.868 0.757 0.342 0.775 0.450

Zeiss 839 | Preoperative Q & 1 week Mean 0.01+0.27 0.02+0.13 0.04+0.21 0.10+£0.37 0.04+0.12
postoperative Q r 0.631 0.475 0.618 0.654 0.819
t 0.292 1.510 1.665 2.248 2.833
P value 0.771 0.135 0.100 0.028 0.006

Preoperative Q &1 month Mean 0.00+0.24 0.04+0.13 -0.02+0.20 0.10+0.31 0.03+0.09
postoperative Q r 0.633 0.419 0.505 0.683 0.862
t 0.140 2.520 -0.797 2.280 2.601
P value 0.889 0.015 0.429 0.026 0.012

1 week postoperative Q Mean 0.01+0.13 0.02+0.11 -0.05£0.11 0.01+0.35 0.00+0.09
&1 month postoperative r 0.832 0.694 0.880 0.639 0.873
Q t 0.760 0.988 -2.859 0.267 0.032
P value 0.451 0.329 0.006 0.790 0.975

1 week postoperative Mean 0.01+0.13 0.02+0.11 -0.05+0.11 0.13+0.35 0.00+0.09
Q-Preoperative Q& 1 r 0.884 0.623 0.863 0.495 0.520

month postoperative Q

Preoperative Q t 0.760 0.988 -2.859 0.267 0.032
P value 0.451 0.329 0.006 0.790 0.975
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ZCBOO | Preoperative Q& 1week | Mean 0.03+0.37 0.020.13 0.04+0.36 0.08+0.44 | 0.040.18
+Zeiss postoperative Q r 0.413 0.536 0.303 0.524 0.597
839 t 1.083 1.569 1.300 2.211 2.703
P value 0.281 0.119 0.196 0.029 0.008
Preoperative Q &1 month Mean 0.03+£0.38 0.03+£0.12 -0.05+0.36 0.06+0.34 0.04+0.13
postoperative Q r 0.435 0.652 0.402 0.581 0.727
t 0.836 2.768 -1.271 1.783 3.049
P value 0.405 0.007 0.207 0.077 0.003
1 week postoperative Q Mean -0.00£0.21 -0.08+0.14 -0.00+0.23 -0.03+0.34 -0.01£0.15
&1 month postoperative r 0.773 0.471 0.545 0.636 0.696
Q t -0.207 -6.604 -0.173 -0.862 -0.582
P value 0.836 0.000 0.863 0.391 0.562
1 week postoperative Mean -0.00£0.21 -0.00£0.44 -0.05+0.35 -0.03+0.34 -0.01+0.16
Q -Preoperative Q & 1 r 0.855 -0.201 0.452 0.610 0.566
month postoperative Q
“Preoperative Q t -0.137 -0.062 -1.418 -0.704 -0.410
P value 0.891 0.950 0.160 0.483 0.683
Table 6: The Q value in 8mm in the two IOL groups (mean * SD).
Items ZCB00 Zeiss 839 ZCB00+Zeiss 839
Preoperative Q Nas -0.54+0.05 -0.49+0.04 -0.51+0.03
Tem -0.19+0.02 -0.14+0.01 -0.16+0.01
Inf -0.30+0.03 -0.23+0.02 -0.26+0.02
Sup -0.62+0.04 -0.49+0.04 -0.55+0.03
Mean -0.41+0.02 -0.33£0.02 -0.37+0.02
1 week postoperative Q Nas -1.93x1.41 -0.48+0.03 -1.15+£0.65
Tem -0.19+0.02 -0.17+0.02 -0.18+0.01
Inf -0.33+£0.04 -0.27+0.03 -0.29+0.03
Sup -0.67+0.04 -0.52+0.05 -0.59+0.04
Mean -0.41+0.03 -0.36x0.02 -0.38+0.02
1 month postoperative Q Nas -0.59+0.06 -0.47+0.03 -0.52+0.03
Tem -0.22+0.03 -0.20+0.20 -0.21+0.02
Inf -0.33+0.03 -0.19+0.03 -0.26x0.02
Sup -0.59+0.04 -0.56+0.04 -0.57+0.03
Mean -0.43+0.02 -0.36x0.02 -0.39+0.02
1 week postoperative Q Nas -1.39+1.41 0.02+0.03 -0.63+0.65
-Preoperative Q Tem -0.02+0.01 -0.04£0.02 -0.03+0.01
Inf -0.05+£0.04 -0.05+0.02 -0.05+0.02
Sup -0.02+0.05 -0.03£0.05 -0.03+0.03
Mean 0.00+0.03 -0.03+0.02 -0.01+0.02
1 month postoperative Q Nas -0.06x0.06 -0.00£0.03 -0.03+0.03
-Preoperative Q Tem -0.04+0.02 -0.06£0.02 -0.05+0.01
Inf -0.03+0.04 0.05+0.02 0.01+0.02
Sup 0.06+0.05 -0.04+0.05 0.01+0.03
Mean -0.02+0.02 -0.03+0.01 -0.02+0.01
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Table 7: The difference of Q value in 8 mm pre- and postoperatively.

Items Nas Tem Inf Sup Mean

ZCB0O Preoperative Q & 1 Mean 1.39+11.10 0.02+0.11 0.05+0.34 0.02+0.41 | -0.00£0.23
week postoperative Q r 0.056 0.693 0.225 0.335 0.328
t 0.985 1.562 1.047 0.451 -0.162
P value 0.329 0.123 0.299 0.653 0.872

Preoperative Q &1 Mean 0.06x0.43 0.04+0.13 0.03+£0.27 -0.06x0.37 0.02+0.15
month postoperative Q r 0.491 0.770 0.410 0.298 0.632
t 1.080 2.226 0.932 -1.104 0.804
P value 0.285 0.030 0.355 0.275 0.425

1 week postoperative Q Mean -2.04+13.42 -0.01+0.11 -0.01+0.39 -0.09+0.36 0.02+0.26
&1 month postoperative r 0.250 0.622 0.203 0.309 0.161
Q t -0.987 -0.692 -0.124 -1.624 0.440
P value 0.330 0.493 0.902 0.112 0.663

1 week postoperative Mean -2.04+13.42 0.01+0.11 -0.01+0.39 -0.09+0.36 0.02+0.26
Q -Preoperative Q& 1 r 0.135 0.504 0.326 0.664 0.318

month postoperative Q

Preoperative O t -0.987 0.692 -0.124 -1.624 0.440
P value 0.330 0.493 0.902 0.112 0.663

Zeiss 839 Preoperative Q & 1 Mean -0.02+0.24 0.04+0.13 0.05+0.18 0.03+£0.38 0.03+£0.13
week postoperative Q r 0.732 0.510 0.725 0.598 0.774
t -0.658 2414 2.197 0.713 2.030
P value 0.513 0.018 0.031 0.478 0.046

Preoperative Q &1 Mean -0.01£0.31 0.04+0.16 -0.04£0.19 0.100.32 0.04+0.14
month postoperative Q r 0.440 0.309 0.590 0.538 0.657
t -0.183 2.027 -1.567 2.476 1.888
P value 0.856 0.047 0.123 0.016 0.064

1 week postoperative Q Mean -0.00+0.26 0.01+0.15 -0.07+£0.20 0.02+0.43 -0.01+0.17
&1 month postoperative r 0.417 0.474 0.635 0.393 0.579
Q t -0.011 0.625 -2.478 0.283 -0.560
P value 0.991 0.535 0.017 0.779 0.578

1 week postoperative Mean 0.04+0.12 0.02+0.11 -0.06+0.14 0.00£0.42 -0.00£0.11
Q-Preoperative Q& 1 r 0.877 0.704 0.616 0.388 0.565

month postoperative Q

Preoperative Q t 2.239 1.084 -3.036 0.071 -0.118
P value 0.030 0.284 0.004 0.944 0.907
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ZCB0O Preoperative Q & 1 Mean 0.63+7.55 0.03+£0.12 0.05+0.27 0.03+£0.39 0.01+£0.19
*Zeiss week postoperative Q r 0.061 0.600 0.485 0.516 0.571
839 t 0.969 2.872 2.018 0.827 0.918
P value 0.334 0.005 0.046 0.410 0.360
Preoperative Q &1 Mean 0.03+0.34 0.05%0.14 -0.01+0.22 -0.01+0.36 0.02+0.13
month postoperative Q r 0.565 0.640 0.554 0.491 0.744
t 1.031 3.817 -0.343 -0.232 1.667
P value 0.305 0.000 0.732 0.817 0.098
1 week postoperative Q Mean -0.95+9.27 0.01+0.11 -0.04+0.28 -0.04+0.39 0.01+0.19
&1 month postoperative r 0.227 0.688 0.465 0.432 0.499
Q t -0.966 1.267 -1.170 -0.975 0.352
P value 0.337 0.209 0.245 0.332 0.726
1 week postoperative Mean -0.95+9.27 0.01+0.11 -0.04+0.28 -0.04+0.39 0.01+0.19
Q -Preoperative Q & 1 r 0.132 0.631 0.391 0.531 0.380
month postoperative Q
Preoperative Q t -0.966 1.267 -1.170 -0.975 0.352
P value 0.337 0.209 0.245 0.332 0.726
Table 8: The Q value in 9 mm in the two IOL groups (mean * SD).
Items ZCB00 Zeiss 839 ZCB00+Zeiss 839
Preoperative Q Nas -0.66+0.05 -0.60+0.04 -0.63+0.03
Tem -0.24+0.02 -0.21+0.02 -0.22+0.01
Inf -1.24+0.82 -0.37x0.02 -0.78+0.39
Sup -0.69+0.04 -0.63+£0.04 -0.66+0.03
Mean -0.51+0.02 -0.46x0.02 -0.49+0.02
1 week postoperative Q Nas -0.61+£0.04 -0.58+0.03 -0.59+0.02
Tem -0.26+0.02 -0.24+0.02 -0.25+0.01
Inf -0.44+0.03 -0.38+0.03 -0.41+0.02
Sup -0.72x0.04 -0.64x0.06 -0.68+0.04
Mean -0.51+0.02 -0.46+0.02 -0.48+0.02
1 month postoperative Q Nas -0.67+0.05 -0.57+0.03 -0.62+0.03
Tem -0.30+0.03 -0.28+0.02 -0.29+0.02
Inf -0.49+0.03 -0.30+£0.03 -0.40+0.02
Sup -0.66x0.03 -0.61+0.04 -0.64+0.02
Mean -0.53+0.02 -0.44+0.02 -0.48+0.02
1 week postoperative Q Nas 0.06+0.06 0.06£0.04 0.05%0.03
-Preoperative Q Tem -0.02+0.02 -0.06£0.02 -0.030.01
Inf 0.97+1.00 -0.01+0.03 0.44+0.46
Sup -0.01+0.05 0.02+0.05 -0.01+0.03
Mean -0.00+0.02 0.00+£0.02 -0.00+0.01
1 month postoperative Q Nas -0.02+0.05 0.01+0.04 -0.01+0.03
-Preoperative Q Tem -0.07+0.04 -0.08+0.03 -0.07+0.02
Inf 1.06+1.12 0.07+0.03 0.55+0.55
Sup 0.06+0.04 0.03+0.06 0.03+0.03
Mean -0.00+0.02 0.01+0.02 0.00+0.01
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Table 9: The difference of Q value in 9 mm pre- and postoperatively.

Items Nas Tem Inf Sup Mean

ZCBOO Preoperative Q & 1 week Mean -0.06+0.50 0.02+0.12 -0.97+7.84 0.01+0.38 0.00+£0.17
postoperative Q r 0.195 0.694 -0.032 0.302 0.513
t -0.899 0.971 -0.972 0.238 0.008
P value 0.372 0.336 0.335 0.812 0.994

Preoperative Q &1 Mean 0.02+0.37 0.07+£0.30 -1.06£8.31 -0.06%0.31 0.00+0.15
month postoperative Q r 0.480 0.089 -0.013 0322 0.641
t 0.403 1.818 -0.948 -1.426 0.223
P value 0.688 0.075 0.347 0.160 0.824

1 week postoperative Q Mean 0.02+0.24 0.02+0.12 0.03+0.28 -0.07+0.32 -0.00+0.14
&1 month postoperative r 0.678 0.623 0.409 0.240 0.469
Q t 0.615 1.173 0.736 -1.399 -0.011
P value 0.542 0.247 0.466 0.169 0.991

1 week postoperative Mean 0.02+0.24 0.02+0.12 0.03+0.28 -0.07x0.32 -0.00x0.14
Q -Preoperative Q& 1 r 0.806 0.505 1.000 0.673 0.518

month postoperative Q

Preoperative O t 0.615 1.173 0.736 -1.399 -0.011
P value 0.542 0.247 0.466 0.169 0.991

Zeiss 839 | Preoperative Q & 1 week Mean -0.05+0.24 0.04+0.14 0.01+0.25 0.00+0.43 0.00+0.14
postoperative Q r 0.739 0.555 0.497 0.637 0.716
t -1.659 2.386 0.463 0.086 0.257
P value 0.101 0.020 0.645 0.932 0.798

Preoperative Q &1 Mean 0.0120.22 0.07+0.17 -0.05+0.20 -0.01£0.36 | -0.01x0.13
month postoperative Q r 0.726 0.422 0.576 0.507 0.775
t 0.189 3.168 -2.047 -0.199 -0.314
P value 0.851 0.002 0.045 0.843 0.755

1 week postoperative Q Mean 0.05+0.15 0.05+0.15 -0.08+0.17 -0.01+£0.40 -0.00£0.12
&1 month postoperative r 0.764 0.764 0.749 0.338 0.760
Q t 2.273 2.273 -3.243 -0.106 -0.208
P value 0.028 0.028 0.002 0.916 0.836

1 week postoperative Mean 0.05+0.15 0.02+0.12 -0.08+0.17 -0.01+£0.40 -0.00£0.12
Q -Preoperative Q& 1 r 0.801 0.755 0.705 0.393 0.412

month postoperative Q

Preoperative 0 t 2.273 1.034 -3.243 -0.106 -0.208
P value 0.028 0.307 0.002 0.916 0.836
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ZCBOO Preoperative Q & 1 week Mean -0.05+0.38 0.03+0.13 -0.44+5.33 0.01+0.40 0.00+0.15
*Zeiss postoperative Q r 0.442 0.624 0.000 0.541 0.636
839 t -1.565 2.462 -0.955 0.218 0.179
P value 0.120 0.015 0.341 0.828 0.858
Preoperative Q &1 Mean 0.01+0.30 0.07+0.24 -0.55£5.82 -0.03£0.33 -0.00£0.14
month postoperative Q r 0.576 0.204 0.041 0.451 0.722
t 0.444 3.205 -0.998 -1.069 -0.034
P value 0.658 0.002 0.321 0.287 0.973
1 week postoperative Q Mean 0.04+0.20 0.02+0.12 -0.03+0.23 -0.04+0.37 -0.00x0.13
&1 month postoperative r 0.715 0.718 0.578 0.324 0.677
Q t 1.779 1.570 -1.079 -0.928 -0.149
P value 0.079 0.120 0.283 0.356 0.882
1 week postoperative Mean 0.04+0.20 0.02+0.12 -0.03+0.23 -0.04+0.37 -0.00+0.13
Q -Preoperative Q & 1 r 0.803 0.678 0.999 0.520 0.474
month postoperative Q
-Preoperative Q t 1.779 1.570 -1.079 -0.928 -0.149
P value 0.079 0.120 0.283 0.356 0.882
Table 10: The Q value in 10mm in the two IOL groups (mean * SD).
Items ZCB00 Zeiss 839 ZCB00+Zeiss 839
Preoperative Q Nas -0.71+0.04 -0.65+0.04 -0.68+0.03
Tem -0.31+0.02 -0.29£0.02 -0.30+0.01
Inf -0.56+0.03 -0.51+0.03 -0.53+£0.02
Sup -0.72+0.03 -0.71+0.04 -0.72+0.02
Mean -0.57+0.02 -0.54+0.02 -0.56+0.01
1 week postoperative Q Nas -0.65+0.03 -0.64+0.04 -0.64+0.02
Tem -0.31+0.02 -0.30+0.02 -0.21+0.02
Inf -0.56+0.06 -0.52+0.04 -0.54+0.03
Sup -0.72+0.03 -1.30£0.66 -1.03+£0.35
Mean -0.56x0.02 -0.69+0.16 -0.63+0.09
1 month postoperative Q Nas -0.68+0.04 -0.64+0.03 -0.66+0.02
Tem -0.36x0.03 -0.35+£0.03 -0.35+£0.02
Inf -0.62+0.04 -0.44+0.03 -0.53+0.03
Sup -0.68+0.03 -0.64+0.03 -0.66x0.02
Mean -0.59+0.02 -0.52+0.02 -0.55+0.01
1 week postoperative Q Nas 0.05+0.05 0.04+0.04 0.05%0.03
-Preoperative Q Tem -0.020.02 -0.02£0.02 -0.02£0.01
Inf -0.01x0.06 -0.01+0.04 -0.01+0.04
Sup -0.01+0.05 -0.58+0.65 -0.32+0.35
Mean -0.00+0.03 -0.14£0.17 -0.08+0.09
1 month postoperative Q Nas 0.01+0.05 0.01+0.03 0.01+0.03
-Preoperative Q Tem -0.05+0.03 -0.07+0.03 -0.06£0.02
Inf -0.05+0.04 0.05+0.03 -0.00+0.03
Sup 0.07+0.04 0.04+0.04 0.06+0.03
Mean -0.00+0.03 0.01+0.02 0.00+0.02
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Table 11: The difference of Q value in 10 mm pre- and postoperatively.

Items Nas Tem Inf Sup Mean

ZCB0OO Preoperative Q & 1 week Mean -0.07x0.41 0.01+£0.15 0.01+0.50 0.00+0.37 -0.01+0.21
postoperative Q r 0.251 0.559 0.149 0.086 0.302
t -1.270 0.636 0.102 0.021 -0.272
P value 0.209 0.527 0.919 0.983 0.787

Preoperative Q &1 month Mean -0.03+£0.33 0.05+0.19 0.06+0.33 -0.09+0.28 -0.00£0.18
postoperative Q r 0.303 0.551 0.297 0.335 0415
t -0.683 1.844 1.284 -2.391 -0.100
P value 0.497 0.071 0.205 0.020 0.921

1 week postoperative Q Mean 0.01+0.31 0.04+0.14 0.03+0.37 0.04+0.32 -0.00+0.16
&1 month postoperative Q r 0.295 0.549 0.720 0.146 0.443
t 0.298 1.795 0.445 0.876 -0.115
P value 0.767 0.080 0.659 0.386 0.909

1 week postoperative Mean -0.04+0.34 0.03+0.15 0.02+0.37 -0.05+0.32 -0.01+£0.18
Q -Preoperative Q& 1 r 0.611 0.667 0.778 0.680 0.704

month postoperative Q

Preoperative Q t -0.726 1.352 0.344 -1.035 -0.313
P value 0.472 0.184 0.732 0.306 0.756

Zeiss Preoperative Q & 1 week Mean -0.04+0.37 0.02+0.18 0.01+0.38 0.58+5.55 0.14+1.41
839 postoperative Q r 0.382 0.505 0.149 0.157 -0.141
t -0.954 1.028 0.165 0.886 0.855
P value 0.343 0.307 0.870 0.379 0.395

Preoperative Q &1 month Mean 0.03+0.33 0.07+£0.19 -0.51+0.26 -0.05+0.32 -0.01£0.12
postoperative Q r 0.434 0.448 0.300 0.293 0.710
t 0.593 2.866 -1.480 -1.102 -0.444
P value 0.555 0.006 0.145 0.275 0.659

1 week postoperative Q Mean 0.06+0.20 0.02+0.15 -0.08+0.27 -0.01+0.32 -0.00£0.14
&1 month postoperative Q r 0.597 0.724 0.367 0.244 0.647
t 1.976 0.962 -1.904 -0.166 -0.107
P value 0.054 0.341 0.063 0.869 0.915

1 week postoperative Mean 0.06+0.20 0.02+0.15 -0.08+0.27 -0.01+0.32 -0.00£0.14
Q-Preoperative Q & 1 r 0.632 0.693 0.558 0.471 0.369

month postoperative Q

Preoperative Q t 1976 0.962 -1.904 -0.166 -0.107
P value 0.054 0.341 0.063 0.869 0.915
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ZCBOO | Preoperative Q & 1 week Mean -0.05+0.39 0.02+0.17 0.01+0.44 0.31+4.09 0.07+1.05
+Zeiss postoperative Q r 0316 0.525 0.152 0.129 -0.078
839 t -1.580 1.207 0.185 0.886 0.811
P value 0.117 0.230 0.854 0.377 0.419

Preoperative Q &1 month Mean -0.00£0.33 0.06+£0.19 0.00+£0.30 -0.07+0.30 -0.00£0.15
postoperative Q r 0.357 0.504 0.336 0315 0.570
t -0.058 3.344 0.061 -2.390 -0.332
P value 0.954 0.001 0.952 0.019 0.741

1 week postoperative Q Mean 0.02+0.26 0.03+£0.14 -0.03+0.33 -0.02+0.32 0.00+0.15
&1 month postoperative Q r 0.425 0.667 0.625 0.221 0.576
t 0.855 1.919 -0.790 -0.727 0.014
P value 0.395 0.058 0.432 0.469 0.989

1 week postoperative Mean 0.01+0.28 0.03+0.15 -0.03+0.33 -0.03+0.32 -0.01+0.16
Q -Preoperative Q& 1 r 0.599 0.686 0.688 0.585 0.626

month postoperative Q

Preoperative Q t 0.394 1.637 -0.866 -0.839 -0.312
P value 0.694 0.105 0.389 0.403 0.756

Furthermore, the influence of different incision positions
on corneal Q value were explored (Table 12-14). At 6.0 mm
corneal diameter, in ZCB0OO group, there was no statistically
significant difference among different incision positions
in corneal Q value at 1 week and 1 month postoperatively
compared with the preoperative corneal Q value. In the Zeiss
839 group, surgical incision positions had a statistically
significant influence on the mean corneal Q value (P=0.033)
and the superior corneal Q value (P=0.045) 1 week
postoperatively. The incision positions were correlated with
the mean corneal Q value (=0.197, R2=0.683, P=0.004) and
the superior corneal Q value (8=0.260, R2=0.476, P=0.004)
at 1 week postoperatively. The Post-HOC analysis found that
the superior incision had a significant effect on the reduction
of the superior corneal Q value (P=0.015) and the mean
corneal Q value (P=0.015) 1 week postoperatively. In ZCB00
+ Zeiss 839 group, surgical incision positions had statistical
significance onthe superior corneal Q value (P=0.001) and the
temporal corneal Q value (P=0.005) 1 week postoperatively.
The incision positions were correlated with the superior
corneal Q value (f=-0.192, P=0.007) and the temporal
corneal Q value (R=0.183, P=0.034) 1 week postoperatively.
The Post-HOC analysis found that the temporal arc incision
has a significant effect on the reduction of the temporal
corneal Q value (P=0.003) 1 week postoperatively, but the
superior incision has no markedly effect on the reduction of

the superior corneal Q value.

At 7.0 mm corneal diameter, in ZCBOO group, there was
no statistically significant difference among different

incision positions in corneal Q value at 1 week and 1 month
postoperatively compared with the preoperative corneal
Q value. In the Zeiss 839 group, surgical incision positions
had a statistically significant influence on the mean corneal
(P=0.029), the superior (P=0.025)1 week postoperatively
and the temporal corneal Q value (P=0.049)1 month
postoperatively. The incision positions were correlated
with the mean (3=0.208, P=0.002), the superior corneal Q
value ($=0.260, P=0.004) at 1 week postoperatively and the
temporal corneal Q value ($=0.213, P=0.085) at 1 month
postoperatively. The Post-HOC analysis found that the
superior incision had a significant effect on the reduction of
the superior (P=0.013) and mean (P=0.016) corneal Q value
1 week postoperatively; and also had a markedly effect on
the reduction of the temporal corneal Q value at 1 month
postoperatively(P=0.069). In ZCB00 + Zeiss 839 group,
surgical incision positions had statistical significance on the
superior corneal Q value (P=0.001) 1 week postoperatively.
The incision positions were correlated with the superior
corneal Q value (f=-0.192, P=0.007) and the temporal
corneal Q value ($=-0.204, P=0.005) 1 week postoperatively.
The Post-HOC analysis found that the superior incision has a
significant effect on the reduction of the superior corneal Q

value postoperatively.

The corneal Q value at diameter of 8-10mm, there was no
statistically significant difference among different surgical
incision positions in the IOL ZCB0O and IOL Zeiss 839

implanted eyes.
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Table 12: Influence of incision sites on temporal and mean Q value in 6 mm.

IOL Items superior nasal temporal nasal arc temporal P
types incision incision incision group incision arc incision value
group group
ZCB0O0 1week postoperative Q -0.29+0.16 -0.21+0.04 -0.42+0.09 -0.24+0.19 -0.31+0.24 0.313
(Mean)
1week postoperative Q -0.11+0.13 -0.11+0.05 -0.24+0.18 -0.09+£0.12 -0.06+0.13 0.141
(Tem)
1month postoperative Q -0.13+0.20 -0.04+0.10 -0.07+0.40 -0.14+0.19 -0.07+0.09 0.422
(Tem)
Zeiss 1week postoperative Q -0.35£0.25 -0.14+0.16 -0.21+0.23 -0.19£0.17 -0.19+0.23 0.033
839 (Mean)
1week postoperative -0.71+0.76 -0.06+0.23 -0.35+0.55 -0.26+0.43 -0.39+0.49 0.045
Q (Sup)
1month postoperative Q -0.23+£0.12 -0.12+0.12 -0.25+0.21 -0.23£0.16 -0.20£0.20 0.447
(Mean)
1month postoperative Q -0.41+0.24 -0.21+0.26 -0.42+0.54 -0.37£0.41 -0.50+0.37 0.545
(Sup)
Al-week postoperative 0.03+0.31 -0.13+£0.29 0.05+0.18 -0.10£0.20 0.02+0.22 0.183
- preoperative Q value
(Nas)
A1l-month postoperative | -0.01+0.32 0.01+0.21 0.13+0.34 -0.02+0.08 0.06£0.20 0.569
- preoperative Q value
(Nas)
A1l-week postoperative 0.02+0.09 -0.01+0.07 -0.08+0.13 -0.05+0.16 0.06+0.14 0.023
- preoperative Q value
(Tem)
Al-month postoperative 0.03+£0.09 -0.02+0.12 -0.09+0.15 -0.01£0.10 -0.03+0.14 0.157
- preoperative Q value
(Tem)
Al-week postoperative - | -0.10£0.13 -0.06+0.12 0.08+0.46 -0.06+0.16 -0.03+0.14 0.332
preoperative Q value (Inf)
Al-month postoperative - | 0.00+0.15 -0.01+0.11 0.15+0.48 -0.01+0.11 -0.01+0.12 0.574
preoperative Q value (Inf)
Al-week postoperative -0.44+0.49 -0.03+0.28 -0.10£0.20 -0.12+0.39 0.09+0.46 0.005
- preoperative Q value
(Sup)
Al-month postoperative -0.25+0.12 -0.13+0.24 -0.07£0.36 -0.16+0.33 0.03+0.30 0.177
- preoperative Q value
(Sup)
Al-week postoperative -0.12+0.17 -0.07+0.14 -0.05+0.05 -0.07+0.10 0.03+0.14 0.015
- preoperative Q value
(Mean)
Al-month postoperative -0.06£0.09 -0.05+0.08 -0.02+0.14 -0.05+0.08 0.01+0.10 0.514
- preoperative Q value
(Mean)
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ZCB0O0 1week postoperative Q 1.37+0.17 1.19+0.12 1.31+0.21 1.27+0.18 1.30+0.16 0.001
+Zeiss (Sup)
839 1week postoperative @ | -0.31+0.20 | -0.16+0.14 -0.26+0.23 -0.22+0.18 -0.24£023 | 0.147
(Mean)
1week postoperative Q -0.11+0.02 0.06+0.03 -0.17+0.03 -0.09+0.02 -0.05+0.02 0.005
(Tem)
In 1month postoperative 0.35+0.12 0.24+0.09 0.31+0.15 0.31+0.11 0.29+0.15 0.228
Q (Mean)
1month postoperative Q -0.11+0.17 -0.03+0.07 -0.19+0.18 -0.09+£0.15 -0.06+0.17 0.282
(Tem)

Table13: Post-HOC analysis of Q value in 6 mm.

IOL Type Item group group P
Zeiss 839 1week postoperative Q (Mean) Nasal Temporal arc 0.015
1week postoperative Q (Sup) Temporal arc Superior 0.015
ZCB00+Zeiss 1week postoperative Q (Tem) Temporal arc Temporal 0.003
839 1week postoperative Q (Sup) Superior Nasal 0.003
Nasal arc 0.024

Table14: Regression and relativity of Q value in 6 mm.

IOL Type Item B R? P

Zeiss 839 Incision site with 1-week 0.197 0.683 0.004
postoperative Q value (mean)

Incision site with 1-week 0.260 0.476 0.004
postoperative Q value (Sup)

Al-week postoperative - 0.054 0.003 0.647
preoperative Q value (Tem)

Al-week postoperative - 0.364 0.132 0.001

preoperative Q value (Sup)

Al-week postoperative - 0.350 0.122 0.002

preoperative Q value (Mean)

ZCB00+Zeiss 839 Incision site with 1-week — R=0.183 0.034

postoperative Q value (Tem)

Incision site with 1-week -0.192 — 0.007
postoperative Q value (Sup)
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Table 15:

Influence of incision sites on Q value in 7 mm.
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IOL
types

Items

superior
incision

nasal
incision

temporal
incision group

nasal arc
incision group

temporal arc
incision group

P value

ZCBO0O

1week
postoperative Q
(Tem)

-0.14+0.16

-0.13+0.06

-0.27+0.14

-0.15+0.12

-0.08+0.10

0.329

1month
postoperative Q
(Tem)

-0.17+0.16

-0.07+0.06

-0.07+0.23

-0.21£0.23

-0.14+0.13

0.177

1 month
postoperative Q
(Sup)

-0.53+0.28

-0.38+0.36

-0.54+0.56

-0.48+0.27

-0.50+0.42

0.379

Zeiss
839

1week
postoperative Q
(Mean)

-0.39+£0.19

-0.22+0.17

-0.31+0.23

-0.24+0.18

-0.26+0.21

0.029

1month
postoperative QR

-0.31£0.12

-0.19£0.12

-0.32+0.23

-0.28+0.13

-0.27+0.18

0.140

1week

postoperative Q
(Sup)

-0.69£0.46

-0.23£0.22

-0.50+0.58

-0.32+£0.46

-0.48+0.44

0.025

1month

postoperative Q
(Sup)

-0.49+0.24

-0.37+£0.29

-0.51+0.50

-0.41£0.31

-0.59+0.33

0.596

1month
postoperative Q
(Tem)

-0.12+0.10

-0.06+0.04

-0.26+0.13

-0.12+0.10

-0.14+0.19

0.049

ZCB0O
+7Zeiss
839

1week
postoperative Q
(Mean)

-0.34+0.23

-0.19+0.16

-0.26+0.23

-0.22+0.18

-0.24+0.23

0.273

1month
postoperative Q
(Mean)

-0.32+0.17

-0.17+0.13

-0.23+£0.22

-0.22+0.15

-0.20£0.19

0.123

1week
postoperative Q
(Sup)

-0.65+0.52

-0.16+0.32

-0.45+0.54

-0.34+0.43

-0.41+0.42

0.001

Imonth
postoperative Q
(Tem)

-0.14%0.14

-0.04+0.05

-0.19+0.18

-0.09+0.15

-0.06+0.17

0.212
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Table 16: Post-HOC analysis of Q value in 7 mm.

IOL Type Items Group Group P
Zeiss 839 Incision site with 1-week Superior Temporal arc 0.013
postoperative Q value (mean)
Incision site with 1-week Superior Temporal arc 0.016
postoperative Q value (Sup)
Incision site with 1-week Superior Temporal 0.069
postoperative Q value (Tem)
ZCBO00+Zeiss 839 Incision site with 1-week Superior Nasal 0.004
postoperative Q value (Sup) Nasal arc 0.034
Temporal arc 0.028
Table 17: Regression and relativity of Q value in 7 mm.
IOL tyoe Items B R? P
Zeiss 839 Incision site with 1-week postoperative Q value (Sup) 0.283 — 0.002
Incision site with 1-month postoperative Q value — R=-0.064 0.641
(Tem)
Incision site with 1-week postoperative Q value 0.208 — 0.002
(mean)
Incision site with 1-month postoperative Q value — R=-0.035 0.796
(Mean)
Incision site with 1-month postoperative Q value 0.213 — 0.085
(Tem)
ZCB00+Zeiss 839 Incision site with 1-week postoperative Q value (Sup) 0.204 — 0.005
Incision site with 1-week postoperative Q value — R=0.209 0.015
(mean)
Incision site with 1-week postoperative Q value — R=0.199 0.02
(Tem)
Incision site with 1-month postoperative Q value — R=0.218 0.024
(Mean)
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Table 18: Influence of incision sites on Q value in 8 mm.

Mathews Journal of Ophthalmology

IOL
types

Items

superior
incision

nasal
incision

temporal
incision group

nasal arc
incision group

temporal arc
incision group

value

ZCBO0O0

1month
postoperative Q
(Tem)

-0.23£0.17

-0.12+0.09

-0.14+0.17

-0.29£0.28

-0.16x0.13

0.472

Zeiss
839

1week
postoperative Q
(Tem)

-0.21+0.12

-0.10£0.06

-0.24+0.19

-0.16+0.15

-0.17£0.14

0.063

1week
postoperative Q
(Inf)

-0.37+£0.32

-0.24+0.24

-0.29+0.36

-0.24+0.13

-0.21£0.21

0.502

1week
postoperative Q
(Mean)

-0.44+0.16

-0.30£0.20

-0.40+0.26

-0.31+0.19

-0.35+£0.20

0.068

1month
postoperative Q
(Tem)

-0.18+0.12

-0.11+0.05

-0.28+0.17

-0.20£0.13

-0.22+0.20

0.277

Imonth
postoperative Q
(Sup)

-0.56+0.21

-0.50+0.38

-0.62+0.44

-0.47£0.23

-0.63+0.34

0.790

ZCB0O
+Zeiss
839

1week
postoperative Q
(Tem)

-0.20£0.14

-0.12+0.08

-0.25+0.18

-0.17£0.12

-0.16x0.14

0.058

1week
postoperative Q
(Inf)

-0.32+0.27

-0.22+0.24

-0.29+0.31

-0.27+0.23

-0.32+£0.39

0.882

1month
postoperative Q
(Tem)

-0.21£0.16

-0.11£0.06

-0.25+0.18

-0.24+0.22

-0.20£0.17

0.318

Table 19: 1

nfluence of incision sites on Q value in 9 mm.

I0L
types

Items

superior
incision

nasal
incision

temporal
incision group

nasal arc
incision group

temporal arc
incision group

value

Zeiss
839

1week
postoperative Q
(Tem)

-0.28+0.13

-0.16+0.06

-0.30+0.20

-0.18+0.10

-0.25+0.16

0.063

1month
postoperative Q
(Tem)

-0.25+£0.14

-0.17+£0.08

-0.33+£0.23

-0.28+0.17

-0.33£0.22

0.258

1month
postoperative Q
(Inf)

-0.33+£0.13

-0.26+0.19

-0.31£0.33

-0.33+£0.10

-0.26+0.18

0.526

ZCB0O
+Zeiss
839

1week
postoperative Q
(Tem)

-0.26+0.16

-0.17£0.07

-0.31+0.18

-0.23+0.16

-0.24+0.17

0.063

1month
postoperative Q
(Tem)

-0.29+0.18

-0.17+0.08

-0.31+0.21

-0.33+0.25

-0.29+0.20

0.188
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Table 20: Influence of incision sites on Q value in 10 mm.

IOL Items superior nasal temporal nasal arc temporal arc P
types incision incision incision group incision group incision group value
ZCB0O 1month -0.65+0.25 -0.65+0.15 -0.47+0.03 -0.73+0.16 -0.68+0.14 0.740

postoperative Q
(Sup)
Zeiss 1month -0.32+0.18 -0.24+0.09 -0.38+0.24 -0.36+0.19 -0.40+0.23 0.527

839 postoperative Q

(Tem)
ZCB0O 1month -0.66+0.23 -0.62+0.24 -0.58+0.30 -0.68+0.14 -0.67+0.21 0.798
+Zeiss postoperative Q
839 (Sup)
1month -0.36x0.17 -0.22+0.07 -0.35+0.22 -0.40+0.24 -0.37+0.22 0.437
postoperative Q
(Tem)
DISSCUSSION with those before surgery, one month after the operation, the

Form visiblized IOL implanted surgery postoperatively, the
surgery effect gradually developed to glasses removal and
clear vision with less aberrations, mostly the pursuit of good
visual effect depends on the perfect design and application
of multifocal and EDOF IOL. Until now, the cataract surgery
has realized the refractive correction purpose with the
further understanding of Angle kappa and corneal Q value.
Review of the literatures, the corneal Q value has a positive
linear correlation with posterior corneal astigmatism, and
the significant positive correlation was found between the
primary spherical aberration [12]. And also, Jun Zhang et
al, proved that Q value-guided femtosecond laser-assisted
in situ keratomileusis introduced lower HOA and better
stability than small-incision extraction [13]. As a result,
corneal Q value is coming to the forefront of interest of
refractive-correction cataract surgeons.

Inthisstudy, wereviewed 158 eyes of patients who underwent
cataractsurgery: For the ZCB0O group, the preoperative mean
Q values of corneal anterior surface were -0.23+0.19mm,
-0.32+0.02, -0.41+0.02, -0.51+0.02, -0.57+0.02, respectively,
when corneal diameters were 6mm, 7mm, 8mm, 9mm, and
10mm, respectively. The mean corneal Q value decreased
with the increase of corneal diameter, which was similar to
the results obtained in previous literatures [14], which was

also observed in the Zeiss 839 group.

According to the statistical results of nasal, temporal, inferior,
superior and mean corneal Q values before and after surgery,
it was found that when the corneal diameter was 6mm, the
temporal corneal Q values and mean corneal Q values for
ZCBO0O0 decreased significantly 1 week after surgery compared

temporal Q value decreased significantly. The superior and
the mean Q value were significantly decreased 1 week and
1 month after Zeiss 839 implantation, respectively. For all
the affected eyes, the superior and the mean Q values 1 week
after the lens implantation were significantly lower than
those before the surgery, and 1 month later, the temporal
and the mean Q values were significantly lower than those
before the surgery.

When the corneal diameter was 7mm, the temporal Q
value decreased significantly 1 week and 1 month after
implantation, and the superior Q value decreased significantly
1 week after implantation. The Q values of the superior and
mean side of ZEISS 839 group were significantly decreased
1 week after implantation, and the Q values of the temporal
side, upper side, and mean were significantly decreased 1
month after implantation, respectively. For all the patients,
the Q values of the upper side and the mean 1 week after
surgery were significantly lower than those before surgery,
and the Q values of the temporal side and the mean 1 month
after surgery were significantly lower than those before

surgery.

The temporal Q value decreased significantly 1 month after
surgery in ZCB0O at the 8 mm of corneal diameter. Temporal,
inferior and mean Q values were significantly decreased 1
week after Zeiss 839 I0OL implantation, and temporal and
inferior Q values were significantly decreased 1 month after
implantation. For all the affected eyes, the Q values of the
temporal side and the lower side decreased significantly
1 week after surgery, respectively, and the Q value of the
temporal side decreased significantly 1 month after surgery.

]
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When the corneal diameter was 9 mm, the Q value of the
temporal side was significantly decreased 1 week and 1
month after implantation, and the Q value of the inferior
side was significantly increased compared with that before
operation. For all the affected eyes, the Q value of temporal
side 1 week and 1 month after surgery was significantly

decreased compared with that before surgery.

As for the 10 mm of the cornea, the Q value of the superior
increased 1 month after implantation of ZCB00. The
temporal Q value decreased significantly 1 month after Zeiss
839 lens implantation. For all the affected eyes, the Q values
of temporal and superior decreased significantly 1 month

after surgery compared with those before surgery.

From the above experimental results, we can see that the
corneal Q value in a certain direction changed after surgery,
that is, the corneal morphology changed, and the superior
corneal Q value and the mean corneal Q value decreased
compared with the preoperative value, the cornea changed
in a flat direction. In view of the above, we consider that
the incision of cataract surgery causes changes in corneal
morphology [15]; Hayashi et al. [16] studied the effect of
clear cornea incision on corneal shape and found that the
incision interrupts the collagen fibers which lower the
corneal tension and the stress is redistributed, so that the
obvious flatting could be found in anterior corneal surface.
Compared changes in corneal shape in clear corneal incision
with scleral incision in cataract surgery, although the
changes in corneal shape and astigmatism occurred after
corneal incision were greater than those in scleral incision,
we could still find the wedge-shaped flattening of the
whole anterior corneal and the steeping around the wound
occurred at 2 days after surgery and persisted for 8 weeks in
scleral group. In addition, the Q value at 1 week after surgery
is not statistically significant compared with the Q value at 1
month after surgery, that is to say, the corneal morphology
no longer shows significant changes and tends to be stable,

which is consistent with the results of previous studies [15].

Further observation revealed that: the superior Q value, the
temporal Q value and the mean Q value among all corneal
diameters changed significantly compared with preoperative
values. A review of the literature showed that compared with
incisions at other locations, the total ocular aberration was
the smallest after surgery, and the total corneal aberration
decreased significantly [17], Hayashi K et al. [18]compared
changes in the shape of corneal between eyes with nasal
and temporal clear incisions, the flattening in the total

cornea was more prominent in the nasal group; this further

https://doi.org/10.30654/MJOP.10026

confirms that the position of corneal incision may influence
the Q values through corneal shape changes: In our study,
for ZCB0O and Zeiss 839 groups, the superior incisions and
the temporal arc incisions of 6mm and 7mm had significant
effects on the decrease of the superior corneal Q value and
the mean corneal Q value after cataract surgery, while the
incisions’ effect on the postoperative corneal Q value in
corneal diameter of 8 mm to 10 mm was not significant.
Which we propose that superior and temporal arc limbal
incisions do obvious effect on the corneal shape, review
of previous literature, Q value is linear correlated with
spherical aberration, when corneal refractive index and the
pupil diameter are stable, the corneal surface is flat, namely
the cornea Q value is smaller, the postoperative corneal
spherical aberration is reduced accordingly. However, there
was no statistical correlation with total aberration, vertical
comets, horizontal comets, etc [19]. Therefore, compared
with incisions at other locations, the superior corneal
incision is conducive to the improvement of postoperative

visual quality.
CONCLUSION

To sum up, with the development of refractive cataract
surgery technology, the pursuit of good vision from
far to near and contrast sensitivity, and the reduction
of abnormal phenomenon of light, the cornea Q value
reflecting parameters being we know, in the form of corneal
Q-dependent design for operation helps to reduce the
influence of the spherical aberration in human eye. Through
the above study, we realized that the location of the incision
affects the postoperative corneal Q value, and the superior
incision is helpful to reduce the postoperative corneal Q
value so as to lower the corneal spherical aberration, the
clear understanding of corneal Q value will better achieve
the postoperative visual quality of cataract.
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